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Abstract 
Regimes of irregular convection in a spherical cavity filled with magnetic fluid and heated from below are detected near the 
convection threshold. The temperature oscillations during long experimental runs (ranging from one to several weeks) are due to 
the concentration heterogeneity caused by the barometric and thermal diffusion effects. 
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1. Introduction 
  
Using magnetic fluids as a heat carrier in cooling systems in microelectronics and on spacecrafts is an important 
perspective application of these nanofluids. Therefore studying the behavior of magnetic colloids subject to a long-
term non-uniform heating is of major practical interest.  
As shown experimentally [1], the character of convective instability and flows in magnetic fluids is related to the 
interaction of the density gradients associated with thermal expansion and concentration non-uniformity of a solid 
phase in a magnetic colloid. The latter can occur as a result of both thermo-diffusion [2] and gravitational 
sedimentation of magnetic particles and their aggregates [3]. 
It is known that in horizontal layers with large aspect ratio irregular oscillations caused by mode interaction can 
occur near the convection threshold even in single-component media [4]. For this reason, in the present experiments 
a spherical cavity was used, where the first instability mode corresponds to a single convective cell or vortex with 
the axis laying in the equatorial plane. In order to detect very slow diffusion effects, the experiments were conducted 
over the time intervals up to several weeks in duration. 
 
2. Experimental apparatus  
 
Experiments have been performed using a polietilsiloksan colloid with magnetite phase stabilized by oleic acid. 
The average magnetite particle size was 10 nm. The density of colloid was 1.46·10
3
 kg/m
3
, and its dynamic viscosity 
coefficient was 0.365 kg/(m·s). 
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The vertical cross-section of a convection chamber is shown in fig. 1. The two semi-spherical cavities 1 of the 
diameter of 16.0 ± 0.06 mm were cut out of the two identical plexiglas blocks 2 and 3 with combined dimensions of 
53×53×20 mm. In order to obtain equilibrium thermal gradient the plexiglas block was placed between two 
horizontal isothermal aluminum walls of heat exchangers 4 and 5. The water from two jet-type thermostats with the 
set temperatures maintained within 0.01 K was pumped through heat exchangers. The sphere was filled with a 
magnetic fluid via channels 7 and 8. Four copper-constantan thermocouples were placed equidistantly in the 
equatorial plane to monitor fluid motion in the cavity. The thermocouple readings were taken every 10 s with the 
accuracy of 0.01 K. 
 
 
 
Fig. 1. Schematic view of a vertical cross-section of a convection chamber: 1 ±  spherical cavity; 2, 3 ± organic glass plates; 4, 5 ±aluminum heat 
exchangers; 6 ± plexiglas inserts; 7 ± channels for filling the cavity. 
 
3. Results and Discussion 
 
When the vertical temperature difference '7 between the poles of a sphere was gradually increased, convection 
occurred as a result of an abrupt transition. On the other hand a smooth decay of convection was observed when '7 
was gradually decreased to the value of '7C =12.8 K indicating the existence of a hysteresis. This behavior is 
illustrated in fig. 2 where the quantity )( /
4
1
4
1 Tii
'¦ 4
 
T  is introduced to characterize the flow ( iT  are the 
magnitudes of the temperature responses of thermocouples). The depth of a hysteresis depends on the history of 
experiment and can reach more than a hundred per cent of '7C. The quantities iT are proportional to the angular 
velocity components of one of the base vortices. The vertical arrow in fig. 2 shows the transition from conduction to 
convection regime for a fluid which was maintained at '7=0 K for 72 hours prior to the start of the experiment.  
For fixed '7<1.5'7C the unsteady convection characterized by an irregular change of regimes from an 
oscillatory motion to flow with a weakly changing 
 
 
 
Fig. 2. The dependence of quantity 4 on the applied temperature difference. The arrow shows a hysteretic transition from conduction to 
convection regime. 
 
amplitude was observed, see figs 3 and 4. The oscillations were associated with the motion of the axis of a 
convection vortex in the equaWRULDO SODQH í URWDWLRQ DURXQG WKH FHQWHU RI WKH FDYLW\ RU SUHFHVVLRQ DURXQG VRPH
direction.  
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The temperature readings corresponding to 24 hour fragments of a 15-day experiment at '7/'7C=1.05 are 
shown in fig. 3. Each of the two diametrically opposite thermocouples registered the temperature deviations caused 
by the motion of the same base vortex. For this reason only the temperature records 1T   and 2T  from two 
neighboring thermocouples corresponding to the motion of two orthogonal base vortexes are shown. The 
PRGXODWLRQRIWKHWHPSHUDWXUHVLJQDOVZLWKWKHSHULRGRIíKRXUVDQGWKHDPSOLWXGHRIí K occurs as a 
result of slow precession of the vortex axis in the equatorial plane. This is followed by almost stationary flow, see 
fig. 3a. The convective motion ceases after several sequential rotations of a convection vortex axis by 90
0
, see the 
horizontal segment in fig. 3b.  
 
 
 
 
 
Fig. 3. Fragments of the temporal evolution of the temperature response at '7=1.05'7C: a) the 3rd day of the experiment: weakly modulated 
and quasi-steady flow; b) the 6th day of the experiment: spontaneous decay and excitation of convection. 
 
Five hours after convective motion stopped it resumed without any external excitation, see the right edge of fig. 3b. 
Such a self-induced initiation and dampening of convection was observed for '7/'7C íILYH-seven days 
after the fixed vertical temperature difference was first established. The change of regimes occurred after rotations 
of the vector of the angular velocity by 90
0í3600. Such spontaneous rotations of the vortex axis resulted in three 
types of flows. The first was the flow with weakly modulated temperature response. The second (less likely) was 
decay of convection with its subsequent self-generation without any external influence. The third was characterized 
by the growing quasi-harmonic oscillations with a gradually increasing period, which subsequently were replaced by 
damped oscillations.  
The quasi-harmonic oscillations following the spontaneous rotations of the axis of a convection vortex for 
'7/'7C=1.10 are shown in fig. 4a. The period of oscillations in fig. 4b increases approximately by a factor of 5 and 
the type of oscillations gradually changes to damped.  
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Fig. 4. Temperature response at '7 =1.10'7C (the gap in the graph is caused by a malfunction of the data acquisition equipment (the flow in the 
experimental cavity was not affected). 
 
At '7 = 1.10'7C, strong oscillations can occur even from a quiescent state via a subcritical transition to 
convection, see fig. 5. In the shown experimental run, the fluid was at rest for 60 hours before the start of the 
experiment.  
 
 
 
Fig. 5. Oscillatory regime initiated via strong subcritical excitation at '7 = 1.10'7C . 
 
3. Conclusions  
 
Irregular regimes of convection in a sphere heated from below reported here have also been detected in other 
magnetic colloids with different carrier fluids [5]. The large viscosity of polietilsiloksan ferrocolloid used here, 
which is 60 times greater than that of kerosene-based colloids, enabled a thorough study of convective motions near 
the convection threshold (at supercriticality of a few percent of '7C). The detected oscillations are associated with a 
spontaneous motion of a single convective vortex in a horizontal plane and are caused by the interaction of the 
density gradients arising due to the thermal expansion of a carrier fluid and the thermal diffusion and sedimentation 
of the magnetic particles.  
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